Introduction: On 19 March 2017, an outbreak of unknown etiology was reported among students at a college in Lusaka, Zambia. We
Introduction
Foodborne diseases are of major public health concern globally and are caused by the consumption of food or water contaminated with infectious microorganisms and/or toxic chemicals [1] . Contamination can occur during storage, transportation, and preparation of food for consumption [2] . The most common clinical manifestations are acute diarrhea and abdominal cramps [3, 4] . Most foodborne illnesses are mild and self-limiting but severe cases may occur, especially in children, the elderly and immunocompromised persons [5] [6] [7] . The global burden of foodborne diseases was estimated to be 600 million cases and 420,000 deaths in 2010 [3] . Children under five years of age bear 40% of this burden [3] . In Zambia, diarrheal diseases rank in the top five causes of morbidity and mortality in all ages; according to the Zambia Demographic and Health Survey 2013-2014, the annual incidence of diarrheal diseases among the under five children was 16% [8] . On 
Methods
Case identification: We conducted the outbreak investigation during the 20 to 24 March, 2017. We identified cases by reviewing medical records at Mwanawasa General Hospital. It was assumed that all ill students would have presented to Levy Mwanawasa General Hospital, as it was the closest to the college, and any students transported in the college van were taken there. A suspected case was any student from College A complaining of or presenting with diarrhea or abdominal pains during 18 to 23 March.
Data collection:
We visited Levy Mwanawasa General Hospital to abstract clinical data from presenting case-patients, and we visited College A to conduct hypothesis-generating interviews with students and school management. College A is a residential college, with most students living in dormitories on campus. The on-campus dining options consist of the main school cafeteria and a smaller snack shop. We then conducted an unmatched 1:2 case-control study. Interviews were conducted on a single day, three days following the start of cases, in order to limit recall bias. Controls were students at College A without a history of diarrhea or abdominal pains during the same time period. We selected suspected cases and controls conveniently; fliers were hung up on the day of the interviews inviting any student who had been sick and who was available and willing to be interviewed to come to the location of the interviews. In addition, students who passed by the interview room during the day of the interviews were asked if they wanted to participate, which generated the majority of the controls.
This method of selection was performed in order to cause minimal disruption to scheduled classes. We designed a structured questionnaire to collect data on residence, food consumed during the two days preceding the outbreak (17 and 18 March), source of drinking water, and sanitation practices. 
Results

Descriptive epidemiology
We identified 59 case-patients who presented to Levy Mwansa General Hospital; half (53%; n = 31) were males and mean age was 20.8 years (range 18-28 years). The majority (78%, n = 46) lived on campus. The predominant signs and symptoms were diarrhea (86%) and abdominal pain (75%) ( Table 1 shared by all case-patients were food from the school cafeteria, and drinking water from the school campus. Based on this information, the epidemic curve, and the clinical presentation, we hypothesized that consumption of contaminated food from the school cafeteria or water from the school campus was the source of the outbreak.
Case-control study
Of the 59 case-patients, 30 were available to be interviewed for the case-control study. Table 3) .
Laboratory investigations
The swab results (Table 4) revealed that all the food handlers and the kitchen preparation surfaces had Staphylococcus aureus.
Additionally, seven (54%) food handlers and five (83%) of kitchen preparation surfaces had fecal coliforms. Cultures from all three food samples from the school kitchen yielded E.coli and Staphylococcus aureus. Coliform testing identified fecal coliforms in all three food samples tested (Table 5) .
Discussion
Foodborne disease outbreaks in institutional settings where large quantities of food are prepared several hours before serving is common [9] [10] [11] [12] . Several micro-organisms have been implicated but the common ones include Bacillus cereus, Clostridium perfringens, Escherichia coli, Staphylococcus aureus, Salmonella species or even Campylobacter jejuni [13, 14] . In our study one of these microorganisms or a mixture of organisms could be responsible for this outbreak. Our findings suggest that this was likely a foodborne disease outbreak. There was an association between case-patient status and eating food served at dinner on Saturday, 18 March at the school cafeteria ( Figure 1 ). The epidemic curve suggests a point source exposure and the short incubation period suggests a toxinproducing pathogen contamination such as Staphylococcus aureus, Bacillus cereus or Clostridium perfringens [15, 16] [5, [19] [20] [21] [22] . In this outbreak, E.coli and Staphylococcus aureus were isolated from the leftover food samples tested.
However, the symptoms and course of the illness exhibited by casepatients were not typical of E.coli infection. In addition, the incubation period of 2-34 hours observed among the cases in this outbreak contrasts with 3-4 days incubation period of E.coli.
Therefore, it is unlikely that the responsible organism for this outbreak would be E.coli [23] .
No biologic samples were collected from case-patients for laboratory testing, so we cannot pinpoint the single agent responsible for the outbreak. One possibility is Staphylococcus aureus infection, which is compatible with the clinical characteristics and which was isolated from the food handlers' hands and the kitchen surfaces.
However, Staphylococcus aureus is in the normal flora of nasal passages, so it would not be unusual to detect this in a healthy person. Additionally, the surface contamination could have occurred the day the swabs were collected. We also did not detect staphylococcal enterotoxins in food samples, which is required for conclusive diagnosis [24] . These findings are similar to a study in Zimbabwe on Staphylococcus aureus food poisoning among Bulawayo City Council employees, in which they found that Staphylococcus aureus was isolated from the hands of food handlers although no leftover food could be sent for microbial analysis [13, 25] . Another possibility is C. perfringens. The beansepidemiologically implicated in this outbreak-are prepared by soaking them in water for a period, cooking them, and then storing them often at room temperature for several hours before consumption. This could make it ideal for germination and multiplication of C. perfringens spores. A third possibility is B.cereus, which is compatible with the clinical characteristics exhibited by case-patients. This is similar to a study in Ghana on "outbreak of foodborne gastroenteritis in a high school in South-eastern Ghana".
They found that it was difficult to pinpoint to a single etiological agent for the outbreak [12] . However, in our study, it is clear that there was a foodborne disease outbreak linked to the contamination of food served at dinner on Saturday, 18 March 2017 at the College A cafeteria.
Study limitations
The study had a few limitations. Stool samples were not collected from case-patients, which prevented us from confirming the aetiology of illness. In addition, although beans were most strongly associated with illness, leftover beans from the implicated dinner
were not collected because they had been discarded by the time we arrived at College A. There is also a possibility of recall bias, as case-patients might have recalled differently from the controls.
Finally, diarrhea being common, it is possible that some non-cases may have been included as suspect cases, as well as we may have missed some of the less severe cases.
Conclusion
This was a foodborne disease outbreak among students at College A. The epidemic curve suggested a point source. We concluded that the food served at dinner on 18 March in the school cafeteria was likely responsible for the outbreak. The incubation period profile fit that of toxin-producing bacteria such as Staphylococcus aureus, which was isolated from swabs from food handlers, surfaces, and from food cultures. However, other organisms like C.
perfringens and B. cereus can also fit this picture. What is clear is that there was a food borne disease outbreak at college A in Lusaka. The general response to this outbreak was prompt and effective. First, we conducted health education to reminded food handlers on the importance of hand washing before food preparation. Second, we reminded food handlers on the recommended disinfecting procedures for kitchen preparation surfaces. Third, we advised the food handlers and school
Page number not for citation purposes 5 management to periodically sample the foods for microbial analysis.
Lastly, we recommended that health facilities collect and test stool samples when they detect unusual clusters of patients with diarrhea. We held a joint dissemination meeting with the school management, local authority, and the district health officials to discuss these recommendations.
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